Title of the Invention 



ELECTROSTATIC CHUCK HAVING BONDED STRUCTURE 
AND METHOD OF MANUFACTURING THE SAME 

Background of the Invention and Related Art Statement 

[oOOll The present invention relates to an electrostatic 
chuck having a bonded structure formed by bonding a ceramic 
electrostatic chuck member and a metal member, and to a method 
of manufacturing thereof. 

[0002] As shown in FIG. 2 , an electrostatic chuck 25 having 
a bonded structure contains an electrostatic chuck member 
10, a metal member 12 as a base material and a bonding layer 
14. And, after a silicon wafer 16 is held (chucked) on the 
electrostatic chuck member 10 by electrostatic attraction, 
treatments such as CVD (chemical vapor deposition) , 
sputtering, etching and the like are performed on a surface 
of the silicon wafer 16 within a system, for example, a CVD 
system, a sputtering system, an etcher and the like as it 
is . Further, an electrostatic chuck electrode 18 is embedded 
in the electrostatic chuck member 10 so that the 
electrostatic chuck member 10 is charged by applying a 
voltage from a terminal 20 thereto and the silicon wafer 16 
is held with the chuck member by virtue of the resulting 
electrostatic attraction. 



[0003] In the electrostatic chuck 25 having bonded 
structure comprising an electrostatic chuck member and a 
metal member as described above, when treatments such as CVD, 
sputtering, etching and the like are performed, which 
treatments use a plasma reaction, it becomes difficult to 
control film formation on the silicon wafer because 
temperature is increased in the silicon wafer due to heat 
input from the plasma. As a measure to solve the problem, 
there have been employed the mechanism for cooling the metal 
member 12, the method for cooling the electrostatic chuck 
member 10 and the metal member 12 by introducing Ar gas or 
N 2 gas 22 between the electrostatic chuck 10 and silicon wafer 
16, or the like. In addition, when the treatments such as 
CVD, sputtering, etching and the like are performed, which 
treatments use a plasma reaction, the electrostatic chuck 
member 10, the metal member 12 and the bonding layer 14 are 
exposed to a chemically severe atmosphere. 

[0004] In an electrostatic chuck, there have 
conventionally been known, as a method of fixing an 
electrostatic member to a metal member, a method of using 
a mechanical clamp structure with clamps and bolts, a method 
of using an organic adhesive or glass as a bonding layer, 
and the like. When a bonding layer is used, because the 
bonded structure for an electrostatic chuck is exposed to 
a chemically severe atmosphere as described above , the 
bonding layer is required to have good heat conductivity, 
airtightness , corrosion resistance, and further flatness of 



the electrostatic chuck member after being bonded, as well 
as high bonding strength. 

[0005] In recent years, although ceramic electrostatic 
chuck members have been widely used, their low mechanical 
toughness makes it difficult to fix them by mechanical 
methods such as the use of the mechanical clamp structure 
and the like. In the case where a general organic adhesive 
was used, there was a problem that strain and cracks were 
caused in the surface of the ceramic electrostatic chuck 
member during use in a wide temperature range, and in the 
case where glass was used, there was a problem that 
deformation of a metal member was generated because a high 
temperature was required for bonding. 

[0006] In order to solve these problems, JP-A-4-287344 
has proposed a bonded structure using a silicone resin in 
a paste form as a bonding layer, and JP-A-3-3249 has proposed 
a bonded structure using indium as a bonding layer. 

[0007] However, in the case where a ceramic electrostatic 
chuck member and a metal member are bonded using a silicone 
resin in a paste form or indium as a bonding layer, if bonding 
pressure is low, a defect will be caused in the bonding, 
resulting in some problems in reliability of bonding strength 
and airtightness. On the other hand, if bonding pressure is 
high, there was caused a problem of making the bonding 
material bleed out from the joint surface. Moreover, there 
was such a problem that the flatness of the electrostatic 
chuck member was deteriorated after bonding due to a 



difference in thermal expansion between the electrostatic 
chuck member and the metal member. 

Summary of the Invention 

[0008] The present invention has been made to solve the 
above described problems and is aimed at providing an 
electrostatic chuck having a bonded structure, in which 
airtightness , bonding strength and corrosion resistance of 
a bonding layer are good, the problem of bleeding out the 
bonding material under high pressures at the time of bonding 
is solved, and further the electrostatic chuck having a 
bonded structure is good in heat conductivity, shows a small 
deformation due to temperature change, and is good in 
flatness of an adsorption surface, so that it can be used 
in applications where high precision and high reliability 
are required, and providing a method of manufacturing the 
same. 

[0009] According to the present invention, there is 
provided a n electrostatic chuck having a bonded structure 
comprising a ceramic electrostatic chuck member, a metal 
member, and a bonding layer; said ceramic electrostatic 
chuck member and the metal member being bonded with said 
boding layer, 

wherein said bonding layer has at least a first most 
outer bonding layer being bonded to said ceramic 
electrostatic chuck member, a second most outer bonding layer 
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being bonded to said metal member, and a polyimide layer being 
disposed between said first and second most outer bonding 
layers, and each of first and second most outer bonding layers 
is made of either a silicone layer or an acrylic layer. 
5 [OOIO] Further, according to the present invention, there 

is provided a method of manufacturing n electrostatic chuck 
having a bonded structure comprising a ceramic electrostatic 
chuck member, a metal member, and a bonding layer; said 
ceramic electrostatic chuck member and the metal member being 
10 bonded with said boding layer, 
O wherein said bonding layer has at least a first most 

=P outer bonding layer being bonded to said ceramic 

O electrostatic chuck member, a second most outer bonding layer 

o 

s being bonded to said metal member, and a polyimide layer being 

O 

l_a 15 disposed between said first and second most outer bonding 

5=i layers , and each of most outer bonding layers is made of either 
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a silicone layer or an acrylic layer; 

wherein said method comprises the steps of: 
preparing a sheet comprising at least a first most outer 
layer, second most outer layer made of either a silicone layer 
or an acrylic layer, and an intermediate layer being disposed 
between said first and second most outer layers and made of 
a polyimide layer, 

vacuum-packing said electrostatic chuck member, said 
bonding layer, said metal layer and said sheet being 
sandwiched between said electrostatic chuck member and said 
metal member into a vacuum- packing bag; and 



heating thus vacuum-packed electrostatic chuck member , 
bonding layer and metal layer under isotropic pressurization 
to bond them firmly. 

Brief Description of the Drawings 

FIG. 1 is a sectional view showing one embodiment of 
a bonding layer to be used in the present invention. 

FIG. 2 is a section explaining view showing the state 
in which a silicon wafer is held with a bonded structure for 
an electrostatic chuck according to the present invention. 

FIG. 3 (a), FIG. 3 (b), and FIG. 3 (c) show illustratively 
the steps of a method of manufacturing an electrostatic chuck 
having a bonded structure according to the present invention, 
and FIG. 3 (a) shows a prebonding step, FIG. 3 (b) shows a 
vacuum packing step, and FIG. 3 (c) shows an isotropic 
pressurization step. 

FIG. 4 is a graph showing the schedules of isotropic 
pressurization and heating. 

Detailed Description of Preferred Embodiment 

[OOII] In the following, the present invention will be 
described based on the drawings according to the embodiments, 
but the present invention will not limited to these 
embodiments . 



FIG. 1 shows an embodiment of a bonding layer that is 
a characteristic feature in an electrostatic chuck having 
a bonded structure according to the present invention. As 
shown in FIG. 1, a bonding layer 5 has at least a first most 
outer bonding layer 1 being joined to a ceramic electrostatic 
chuck member 10 (see FIG. 2), a second most outer bonding 
layer 2 being joined to a metal member 12 (see FIG. 2) and 
a polyimide layer 3 being disposed between the first and 
second most outer bonding layers 1 and 2, and each of first 
and second most outer bonding layers 1 and 2 is composed of 
a silicone layer or an acrylic layer. 

[0012] In an electrostatic chuck having a bonded 
structure according to the present invention, because the 
bonding layer has a constitution as described above, the 
bonding layer shows good airtightness , good bonding strength 
and good corrosion resistance, and the bleeding out problem 
of the bonding material at the time of bonding can be 
practically eliminated. In addition, the bonded structure 
of the present electrostatic chuck is good in heat 
conductivity, and it shows a small deformation due to 
temperature change. Therefore, the present electrostatic 
chuck can show a good flatness of an adsorption surface. 
Accordingly, the present electrostatic chuck having a bonded 
structure can be used in applications where high precision 
and high reliability are required. 

[0013] Each member composing a bonding layer used in the 
present invention will be described. The first and second 
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most outer bonding layers 1 and 2 are comprised of a silicone 
layer or an acrylic layer. Both of the first and second most 
outer bonding layers 1 and 2 may be the same acrylic layer 
or silicone layer, and any one of them may be an acrylic layer 
and the other may be a silicone layer. 

[0014] The polyimide layer 3 being disposed between the 
first and second most outer bonding layers 1 and 2 is mainly 
composed of a polyimide. A polyimide is a high molecular 
substance having an acid imide bond in the main chain and 
preferably has 50 mol % or more of a constitutional repeating 
unit expressed by formula (1) in the whole constitution of 
the polyimide. 



C C 
/ \ / \ 
•N Ar 1 N-Ar2 — formula (1) 

Y Y 
0 0 



[where, Arl contains at least one aromatic ring, and two 
carboxylic groups forming an imide ring are bonded to 
adjacent carbon atoms on the aromatic ring; Ar2 is an organic 
group and is preferable to contain an aromatic ring.] 

[0015] More preferably, a polyimide has 50 mol % or more 
of a constitutional repeating unit expressed by formula (2) 
in the whole constitution of polyimide. 




N 



formula (2) 



1 1 ii 
0 0 



[0016] The acrylic layer is contained an acrylic resin 
as the main component. The acrylic resin is a general term 
for polymers obtained by polymerizing acrylic acid and its 
derivatives and includes polymers and copolymers of acrylic 
acid and its esters, acrylamide. acrylonitrile , methacrylic 
acid and its esters, and others, and which polymers and 
copolymers may be crosslinked or non-crosslinked. The 
silicone layer is contained a silicone resin as the main 
component. The silicone resin is a polymer of a silicide 
having a siloxane bond as the main skeletal structure. The 
silicone resin may be crosslinked or non- crosslinked, and 
has, for example, a constitutional repeating unit comprising 
of a component of formula (3) and/ or formula ( 4 ) as the main 
component . 



R 



-O-S i-O- 



formula (3) 



R 



(where R is H, CH,, C 7 H,, C 6 H, and the like) 
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R 
i 

-O-S i-O- formula (4) 

l 

O 

(where R is H, CH 3 , C 2 H S , C 6 H S and the like) 

[0017] The thickness of the bonding layer 5 is preferable 
to be 0.05 to 0.5 mm. This is because the flatness in the 
adsorption surface of the electrostatic chuck member 10 after 
being jointed becomes worse if the thickness of the bonding 
layer 5 is thinner than 0.05 mm, and it becomes difficult 
to transfer smoothly the heat in the electrostatic chuck 
member 10 to the metal member 12 if the thickness is larger 
than 0.5 mm. The thickness of the bonding layer 5 is more 
preferable to be 0.08 to 3.0 mm and is the most preferable 
to be 1.0 to 2.5 mm. The flatness of the electrostatic chuck 
member 10 can be made to be within 30 nm by making the thickness 
of the bonding layer 5 be 0.05 to 0.5 mm. The present 
electrostatic chuck having a bonded structure mentioned 
above may be used in applications requiring high precision 
and high reliability by making the flatness of the 
electrostatic chuck be within 30 \xm. 

[0018] The method of measuring the flatness will be 
described in the following. An electrostatic chuck member 
was put upward on a surface plate and the height of the surface 
of the electrostatic chuck member was measured with a height 
gage. As the measured points, total 17 points including the 



starting point, that is, the center of the electrostatic 
chuck as the starting point and each 8 points in the direction 
X-to-Y were measured, and the difference between the maximum 
measured value and the minimum measured value was defined 
as the flatness. 

[0019] Moreover, in the first and second most outer 
bonding layers 1 and 2 , and in the polyimide layer 3 , 
particulate or squamous fillers having good thermal 
conduction may be dispersed in order to improve their heat 
conduction. As materials of the fillers, ceramics like 
alumina, aluminum nitride and SiC, metals like Al are good, 
and their size is good to be 0.5 [«n to 50 \*m, and the content 
of the fillers is good to be 50 vol. % or less. 

[0020] In the next place, other members composing the 
present electrostatic chuck having a bonded structure will 
be described. 

The electrostatic chuck member 10 is comprised of a 
ceramic material, for example, aluminum nitride (A1N), 
alumina (A1 2 0 3 ) , calcium tit anate (CaTi0 3 ) , or barium titanate 
(BaTi0 3 ) , and is preferably comprised of aluminum nitride 
(A1N) . 

[002l] An electrostatic chuck electrode 18 is embedded 
in the electrostatic chuck member 10 . It is preferable to 
embed the electrode during sintering electrostatic chuck 
member to form the electrostatic chuck member with the 
electrostatic chuck electrode as an integrated body from the 
antiflaking point of view and the like during its 



applications . The surface of the electrostatic chuck member 
10 is charged by applying a voltage to the electrostatic 
electrode 18 through the terminal 20, resulting in the 
generation of electrostatic attraction, with which 
attraction silicon wafer 16 can be adsorbed on the adsorption 
surface, the upper surface of the electrostatic chuck member 
10. 

[0022] The metal member 12 supporting the electrostatic 
chuck member 10 serves to remove the heat in the electrostatic 
chuck member 10 and is comprised of, for example, aluminum, 
brass and others. More, in the electrostatic chuck member 
10 and metal member 12 of the electrostatic chuck having a 
bonded structure 25, one may make a hole for a cooling medium 
24 to pass a cooling medium, for example, argon gas (Ar gas) , 
nitrogen gas ( N2 gas ) and the like . Further , instead of this , 
or in addition to this, the metal member 12 may be provided 
with an other cooling mechanism, for example, a water cooling 
mechanism and the like. 

[0023] Next, one example of the manufacturing method of 
an electrostatic chuck having a bonded structure according 
to the present invention will be described in accordance with 
FIG. 3 (a) to FIG. 3 (c) . 

[0024] First of all, using a sheet having at least three 
layers in which two most outer layer are comprised of a 
silicone layer or acrylic layer and a polyimide layer is 
disposed between them as a bonding layer, an electrostatic 
chuck member 32 and a metal member 34 are prebonded to prepare 
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a prebonded body as shown in FIG. 3 (a) . Then, as shown in 
FIG. 3 (b) , this prebonded body is vacuum packed into a bag. 
Vacuum packing can be carried out with a commercially 
available vacuum packer . With a vacuum packer , the prebonded 
body is put into, for example, a heat-resistant tubular film 
33 both ends of which are open, and one of the openings is 
blocked up and air is let out from the other opening, then 
the other opening is blocked to make a vacuum packing of the 
prebonded body in a sealed state with a bag made of the 
heat -resistant tubular film 33 . Next , as shown in FIG . 3 ( c ) , 
the vacuum packed prebonded body is heated and cooled under 
isotropic pressurization in an isotropic pressure device, 
including an autoclave, and the electrostatic chuck member 
32 and the metal member 34 are bonded to manufacture an 
electrostatic chuck having a bonded structure according to 
the present invention. 

[0025] An autoclave can be favorably used in the present 
invention because isotropic pressurization and heating can 
be performed at the same time. As conditions for isotropic 
pressurization and heating, for example, it is preferable 
to carry out the pressurization and heating in the schedules 
shown in FIG. 4. That is, it is preferable to maintain the 
autoclave at pressures of 5 to 20 atm and at temperatures 
of 100 to 150°C for 1 to 5 hours. 
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[Example] 

[0026] In the following, the present invention will be 
described further in detail by examples, but the present 
invention should not be limited to these examples . 

[0027] A sheet having at least three layers in which the 
two most outer layers were silicone layers and a polyimide 
layer was sandwiched between them was used as a bonding layer 
30 in Example 1, and a sheet having at least three layers 
in which the two most outer layers were acrylic layers and 
a polyimide layer was sandwiched between them was used as 
a bonding layer 30 in Example 2. After each of the sheets 
was put between an electrostatic chuck member and a metal 
member and vacuum packed, the packed members were held in 
an autoclave at 120°C under the pressure of 14 atm for 2 hours 
to be bonded. 

[0028] On the other hand, using a silicone paste as an 
adhesive in Comparative example 1, after the paste had been 
applied to the surface of an electrostatic chuck member and 
the surface of a metal member in the thickness of 0 . 1 mm each 
through screen printing, the electrostatic member and the 
metal member were pasted together and held at 120°C under 
atmospheric pressure for 2 hours to be bonded. 

[0029] The flatness values of electrostatic members 
before and after bonding are shown in Table 1. All of the 
flatness values of electrostatic chuck members before 
bonding were 20 \im or less, but though the flatness values 
in Example 1 and Example 2 were hardly changed after bonding. 
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the flatness value in Comparative Example 1 was increased 
to 100 [Am or more. Further, the results of measuring the 
airtightness of the gas hole and bonded part using a He- 
leak detector showed good airtightness of IE - 9 Pa • m 3 /s 
or less in both Example 1 and Example 2. 



Table 1 



No. 


Bonding 
layer 


Flatness of 
electrostatic 
chuck members 
(Before 
bonding) 


Flatness of 
electrostatic 
chuck members 
(After 
bonding) 


Amount 

of 
leaked 

He 
(After 
bonding) 


Example 1 


Three layer 
sheet , 
silicone/ 
polyimide/ 
silicone 


15.5 \xm 


14.3 um 


1.5E-10 
Pam 3 /s 


Example 2 


Three layer 

sheet, 

acrylic/ 

polyimide/ 

acrylic 


18 . 3 Jim 


16.0 \xm 


1.7E-10 
Pam 3 /s 


Comparative 
Example 1 


Silicone 
paste 


17.5 urn 


113 um 


Not 
measured 



[0030] As described above, if the bonded structure for 
the electrostatic chuck according to the present invention 
is employed, the boding layer shows a good airtightness, a 
good bonding strength and a good corrosion resistance. 
Furthermore, the bleeding out of a bonding material even 
under high pressures can be almost eliminated at the time 
of bonding them. In addition, the electrostatic chuck 
according to the present invention has a bonded structure 
being good in heat conductivity, and it shows only a small 
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deformation, even temperature changes a great extent. 
Furthermore, the present electrostatic chuck is good in the 
flatness of its adsorption surface. Therefore, the present 
electrostatic chuck electrostatic chuck may be used in 
applications where high precision and high reliability are 
required. Moreover, when the present manufacturing method 
for an electrostatic chuck is used, it is possible to obtain 
a bonded structure practically free from the bleeding out 
problem of a bonding material under high pressures at the 
time of bonding the electrostatic chuck member and the metal 
member with the bonding layer. Accordingly, the bonding 
layer may provide a higher bonding strength and a good 
airtightness , with an excellent flatness of its 
electrostatic adsorption surface. 



